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llypcrhranchcd polyesler of a polyol wiih 3 lo 10 rcaclive 
hytlroxyl groups, preferably ofcquivalcni reaciivily, and an 
aromatic j^olycarboxylic anhydride wilh 2 lo 4 carboxyl 
groups, preferably 3 carl^oxyl groups, each liydroxyl group 
of the jiolyol forming an esler linkage with one anhydride 
group of the polycarboxyiic anhydride, and further glycidy! 
(mclh)acrylate or allyl glycidyl ether ft>rniing ester linkages 
with Ihe reniaining carl^oxyl groups oj" the anhydride and 
free hydroxy! groups, l urther in the hyperbranched polyes- 
ter (mcth)acrylic anhydride and/or an alij^halic carboxylic 
anhydride form ester linkages with the free hydroxy 1 groups. 
The invention also comprises a process for the production of 
hyperbranched polyesters and such polyesters obtainable by 
the process. The hyperbranched polyesters can be used as 
reiiins, curable by UV irradiation, for the production of 
coatings, adhe.sives, laminates, foils and thin films and 
li brc - re i n force d co mjx >s i tes . 

42 Claims, 5 Draw in" Sheets 






D 


D 


D 


D 






J 
















































D 




D 


D 





Reaction scheme for the synthesis of the hyperbranched polyester. 
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Reaction scheme for the synthesis of the hyperbranched polyester. 

Figure 1 
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IR spectra of the products at different reaction stages. 

Figure 2 
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Molecular structure of the three polyolester isomers. 

Figure 3 
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Idealized formula of the hyperbranched methacrylated 
polyester with 8 double bonds. 

Figure 4 
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Idealized formula of the hyperbranched methacrylated 
polyester with 16 double bonds. 

Figure 5 
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Molecular mass distribution of the hyperbranched 
methacrylated polyester D-1 analyzed with GPC analysis. 



Figure 6 
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(meth)acrylated polyesters. 
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Figure 7 
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Polyester resins 
Flow time of hyperbranched polyesters and MUP using 
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Hyperbranched polyesters 
Glass transition temperatures of the cured hyperbranched polyesters. 
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RADI VnoN C L'RAULi: RKSINS 
C ( )M PRl SI N( ; H V IM :RUR ANCH I J ) 
rol A KS I KkS 

The [-jrcsuiii iin'cniicin rchilcs lo new h\jxThranchcti 
)iy(js!crs ;tiKi ;i process lor ihc jir< Jtlucht )n llKict)! antl 
cur;il^]c rcsins c( Miij^rising liic {"mhcslcrs. 

Radial ion-ciirahlc rcsiiis arc increasingly used m v arious 
iiidusirial applications, rej^lacing conveniit)iial ihernially 
cured anel soK'enl based coalings and adiiesives. I'he 
radialion-curahle resins have lavourahle properiies, e.g., 
high sjved aiKl low energN consumjuion ol cure, solvenl- 
Irce lormulalions, rt)om lemperaUire ojKTalion and high 
tjualily cnd-prtKlucls. The princijKil comjioncnls of a 
radialion-curablc resin are oligomers (or prejiolymcrs) and 
conionomcrs. The oligoniers constitute the backbone oI" the 
ihree-dimensional ptilynier netwtuk formed by curing. 
Important types of oligoniers ct)nimonly used [\n coating are 
acrylated epoxies, acrylaled j^olyurethanes, unsaturated 
polyesters and acrylated polyesters (or polyethers) which 
give desired ]-)roi:)erties of the linal cured fjlms. However, 
tiiose oligomers usually consist of linear molecular chai[is. 
'i'lie viscosity ol" the resiii increases rajiidly with increasing 
chain length of the oligomer, 'lb t>btain an operational 
viscosity of the formula for spraying, dipping, roll coaling, 
etc., large amounts of multifunctional com(.>nomer are 
required for the primary function of viscosity control. In 
addition, the comonomers have important elTects on the cure 
reaction and the proj^erties ol" the final product. Some of the 
comonomers have low cure rale, cau.se shrinkage of the lilm 
during curing, and have high costs and a limited shelf life. 
Muiiifunciional acrylales arc the preferred monomers in 
radialion-curable systems because of their rapid curing rates 
and low prices. The common acrylate monomers are vt)latile 
and toxic, and have strong odour. Therefore, the trend is to 
use radiation-curable oligomers with viscosity close to the 
required application viscosity in order lo reduce or eliminate 
the use of comonomers. 

An object of the present invention therefore was to obtain 
oligomers with reduced viscosity compared to known oli- 
gomers with similar molecular weight. 

A further object of the invention was lo present oligo- 
mers which in resin applications needs a lower amount of 
multifunctional comonomers or none at all, while the resins 
still have a low viscosity, a high cure rate, an acceptable 
degree of curing and the final products have good mechani- 
cal properties. 

A further object of the invention was to oiler a process 
for the production of such oligomers. 

The objects of the invention was solved by the hyjKr- 
branched polyester, the process for the production of these 
hyperbranched polyesters and re.sin comprising them, as 
claimed in the claims. 

BRIEP DESCRIPTION Ol 11 IE DRAWINCJS 
FIG. 1 depicts a reaction scheme for the synthesis of the 

hyperbranched polyester. 

}'*ICi.2 depicts an IR spectra of the products at dilferenl 

stages. 

FIG. 3 depicts the molecular structure of the three poly- 
ester i.somers. 

FIG. 4 depicts an idealized formula of the hyperbranched 
melhacrylaled polyester with cS doul^le bonds. 

FKj. 5 dejncis an ideali/.ed formula of the liyjierbranched 
melhacrylaled polyester with 16 double bonds. 

FIG. 6 depicts molecular ma.ss di.stribution of llie hyper- 
branched methacrylated polyester D-\ analyzed with GPC 
analysis. 
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1 7 depicts ihe dynamic, \'iscosity of the h\'per- 
l^ranclied ( nieth )acr\ laled polyester. 

I Ki. S dejMcls How lime ol" hyperbranchecl polyesters and 
MIIP using \ iscoiiielric cujx 
5 I Ki. y depicls curing lime aiul belt speed lo lack-free .state 
for V\' curetl jioKesler films. 

I Ki. \i) depicts glass transition temjieratures of the cured 
1 1 y ]■) e rb r a n cl 1 e d po I ye si e rs. 

Oligomers with a strongly branched structure are a new 
ih family t>f polymers which has been attracting increasing 
interest for many applications, e.g., in agriculture, medicine, 
cosmetie-s, adhesives and coalings. The oligt)mers are 
referred to as hyperbranched polyesters with a three- 
dimensional molecular architecture and pos.sessing slarbur.st 
,^ topology (I). A. O'Sullivan, (^hem. Eng. News, 2(1 ( Hm); 

D. A. Ibmalia, A. M. Nay lor. and W. A. (ioddard III, Angew. 
diem. Int. Ed. Engl., 2"*^, 13S (1<)9()). An imporlant .struc- 
tural dilference between linear oligomers and hyper- 
branched polyesters is that a linear oligomer of sufllcient 
molecular weight cotUains an entanglement of llexil^le 
molecular chains, while a hyperbranched )iolye.ster is a 
compact molecule with many branches which carry a high 
number of terminal functional groups on each molecule. 

With the present invention it was found that hyper- 
branched polyesters with reactive acrylate dtiuble bonds at 
chain extremities can be u.sed lo reduce visco.sity, increase 
reaction rate, and improve adhesion to substrates due to their 
very .special molecular structures. 'Hiis new kind of mol- 
ecules modifies the physical and chemical projierlies both is 
of the resin .system and of the imal product after curing, 
-^0 thereby facilitating their use in coating and adhesive sys- 
tems. Further, with the present invention hyperbranched 
polyesters with high molecular weight can be obtained in a 
simple proce.ss from readily available and inexpensive raw 
mrfterials. 

35 Hyj^erbranched iK)lycster research is still fairly new, and 
to date no commercial products are available. The main 
dillicullies in preparing three-dimensional and ordered 
hyperbranched polyesters are preserving the regularity and 
order in the structures, characleri^ilion of the products, and 
separating the products from the excess of reactanls. Little 
work has been peribrmed to prepare adhesive and coating 
systems WMth hyperbranched polyesters, especially for radia- 
tion curing applications. A series of work on allyl ether 
maleatc hyperbranched polyesters for UV curing coatings 
have been reported (M. Johans.son, E. Malm.strom, and A. 
Hult, J. Polym- Sci., Part A: PoIym.Chem., 31, 619 (1993); 

E. Malmstrom and A. Ilult "Hyperbranched polyesters and 
their Degree of Branching as Determined by ' 'G-NMR", 
Proceedings of Nordic Polymer Days 1994.). 

With the present invention it has been possible to syn- 
thesize a series of new hyperbranched (melh)acrylated poly- 
esters with different number of terminal double bonds per 
molecule. The rheological properties o( the resins prepared 
from the polyesters and the mechanical properties of UV 
i;^; cured films are imprtived in a pronounced manner compared 
with known polymers. 

Thus, the present invention relates lo a hyperbranched 
polyester of a polyol with 3 to 10 reactive hydroxyl groups, 
preferably of equivalent reactivity, and an aromatic polycar- 
ix)xylic anhydride with 2 to 4 carboxyl groups, preferably 
with 3 carboxyl groups, 

each hydroxyl group of the polyol forming an ester 
linkage w ith one anhydride grt>U]> of the polycarboxylic 
anil yd ride, 

(5.-=; and further ghcidyl (meth)acrylate or allyl glycidyl ether 
forming e.ster linkages with the remaining carlxixyl 
groups of the anhydride and free hydrox\ l groups. 
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The invxnlion riirlhcr rvhilcs lo a hypcrhranclKcl polycsicr 
astlclinctl above in which (mcih)a»jr\iic anhydride and or an 
aliphaiic carboxylic anhydride tbrm s csicr linkages wiih ihe 
free hydroxy 1 groups. 

llie present invenlion furiher relaies lo a process lor ihe s 
prodiicli(»n oT a hyperbranched polyester, and hyper- 
brancheti polyester obtainable by the process characterized 
in ihal il comprises the lolluwing steps; 

a) reacting an art)maiic jHilycarU>xylic anhydride with 2 

to 4 carboxyl grt)iips, j')rcrerably 3 carboxyl groups, jn 
with a jiolyol with 3 lo JO reactive hydroxyl grouj'js, 
preferably of equi\'alenl reactivity, in the presence of an 
activating agent, the amount of anhydride being at least 
one mole of anhydride per hydroxyl group in the 
polyol, J 5 

b) reacting the product from a) wilh glycidyl (moth) 
acrylale or ally! glycidyl ether in an amount at least 
corresponding to one mole of glycidyl (meth)acrylale 
or allyl glycidyl ether per free carboxylic acid group of 
the product of a). The process and the polyester obtain- 20 
able by ihe process can furiher comprise ihe following 
step; 

c) the product from step b) is further reacted with (mcth) 
acrylic anhydride in an amount sufGcienl to esterify a 
part or all of the free hydroxyl groujxs of the product 25 
from step b). The products from step b) or c) can furiher 

be reacted with an aliphaiic carboxylic anhydride in an 
amc^unt lo esterify a pari of or all of the remaining 
hydroxyl groups of the products. 
Two principally diflercnt methods have been developed 30 
for the synthesis of hyperbranched polymers: a convergent 
growth approach, where growth begins ai the chain ends, 
and a divergent growth approach, where growth begins at a 
central core. In the present invention, the hyperbranched 
polyeslers with terminal double bonds were synthesized by 35 
controlled stepwise divergent preparation, i.e., the synthesis 
started at the centre of the hyperbranched polyester. Two or 
three steps were needed to obtain hyperbranched polyesters 
with a predetermined number of terminal double bonds 
located at the surface of the oligomeric sphere. The reaction 40 
scheme for the synthesis of the hyperbranched polyester can 
be illustrated for a polyol with 4 hydroxyl groups as shown 
in FIG. 1 (B is hydroxyl groups, and D is unsaturated 
groups). New nomenclature developed by K. L. Wooley, J. 
M. J. Frechet and C. J. Hawker, Polymer vol. 35, No. 21, 45 
1994, names the starburst hyperbranched molecule of FIG. 
1 a dendritic polymer. 

In ihe first reaction step an aromatic carboxylic anhydride 
with 2 to 4 carboxyl groups, preferably 3 carboxyl groups, 
and a polyol wilh 3 to 10 hydroxyl groups and an activating 50 
agent were healed to temperatures about or below 100^ C, 
preferably initially to 70° to 80° C. and gradually increasing 
lo about KK}° C. at the end of the reaction, in the presence 
of a solvent and under inert gas atmo.sphere, preferably 
nitrogen atmosphere. The aromatic carboxylic anhydride is 55 
most preferably 1,2,4-benzenetricarboxylic anhydride, suit- 
able polyols are all polyols having 3 to 10 hydroxyl groups 
and the hydroxyl groups are preferably of equivalent 
reactivity, which means that the esterification of each 
hydroxyl group will proceed equally easy to start the build- (^o 
ing up of the regular molecule. Examples of such polyols are 
trimethylolpropane, pentaerythritol or a dimer thereof, 
mono- and disaccharidcs, with jientaerythrilol as a preferred 
embodiment. Tlie amount of added anhydride is al least one 
mole of anhydride per hydroxyl group of the polyol, but o5 
preferably the anhydride is added in an excess amount. An 
excess of 20-50 mol % is suitable. An activating agent is 



.us 
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used to acti\'ale the anhydride grouji. The activating agent is 
present in a catalytic anKUjni. The aciix aling agent stannous 
chloride is a jMclerrcd embodimeni. A suitable .s(,>l\ eni is for 
examj^le N,N-dimelhylformamide (DMf ). 

for a product mixture of 1 ,2,4-ben/enetricarhoxylic 
anhydride with j^eniaeryihrilol the IR spectrum with residual 
1 ,2,4-l^en/eneiricarboxylic anhydride is shown by curve 1 in 
I'Ki. 2. Toluene was used to wash the reaclion producl to 
remove the excess of 1 ,2,4-benzenelricarl^oxylic anhydride 
until no peaks at 1760 and 1 850 cm"' for anhydride groups 
could be obser\'ed, .shown as curve 2 in V\G. 2. I he wide 
absorption bands al the range of 2750 to 34(K) cm"' in Ihe 
IR spectrum indicate the terminal carboxyl groups on the 
benzene ring. For this producl mixture each polyolesler of 
the polycarboxylic acid anhydride has two carboxyl end 
groups. Three isomer products could be obtained in Ihis 
system, and the molecular structures are shown in FIG. 3. 
The product is largely a mixture of mela and para isomers of 
the ester according to the relative reactivity of ihe anhydride 
and the carboxyl groups at low reaclion temperature. A small 
amount of orlho isomer is expected lo be a hydrolysis and 
reesterilication product of para and meta polyolesler formed. 
The reaction of carboxyl and hydroxyl groups is favoured at 
elevated lcmj)eratures. 

The polyolesler was further reacted with glycidyl (melh) 
acrylale or allyl glycidyl ether in an amount al least corre- 
sponding to one mole of glycidyl (meth)acrylate or allyl 
glycidyl ether per free carboxylic acid group of the formed 
polyester, preferably in an excess amount, i.e. about 5 wl %. 
Glycidyl acrylale is Ihe preferred reaclani. The reaclion is 
carried out in a solvent, such as a mixture of DMF^' and 
toluene in the presences of a basic catalyst and an inhibitor 
for radical polymerization until no carboxyl groups could be 
deTected by end-group titration. As basic catalysts common 
bases can be u.sed, but benzyl dimethyl amine is preferred. 
Conventional inhibitors such as hydroquinone is u.sed. The 
reaction temperature is below 100** C, preferably about 70* 
C. The IR sj^eclrum of the product is shown as curve 3 in 
FIG. 2. The appearance of the wide absori">tion at around 
3460 cm~^ means the formation of hydroxyl groups on the 
molecular chains due to reaction of epoxy and carboxyl 
groups. Finally, residual solvent was removed by evacuation 
at low temperature. The final "starburst" hyperbranched 
polyester products with double bonds at the end groups are 
translucent viscous liquids with one hydroxyl group at each 
end group. The molecular structure, when started wilh 
pentaerythritol, is ideally sphere-like, wilh about 8 end- 
double bonds. The principal formula is shown in FIG. 4. 

The hydroxyl groups of the hyperbranched polyester with 
terminal double bonds were reacted furiher by ester forma- 
tion wilh (melh)acrylic anhydride in an amount sufficient to 
esterify a part of or all of the free hydroxyl groups in order 
to prepare the hyperbranched polyester molecules wilh 
further end-double bonds. Of the two acrylic anhydrides, the 
methacrylic anhydride is preferred. The hyperbranched 
polyester started from pentaerythritol wilh aboul 16 end- 
double bonds with the idealized formula is shown in FIG. 5. 
The IR spectrum of the hyperbranched polyester with about 
16 double bonds is shown by curve 4 in FIG. 2. Almost no 
peak for hydroxyl group could be observed. 

In a last step the producl wilh end-double bonds is reacted 
with an aliphatic carboxylic anhydride, preferably acetic 
anhydride to esterify a part of or all of the remaining 
hydroxyl groups on the molecular chains for decreasing 
molecular polarity of the hyperbranched polyester, and 
improving ils compatibility wilh multifunctional comono- 
mcrs. This cslerificalion can also be made of the hydroxyl 
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groujis 111' i!k In pcrhraiichLtl jtolvcslci hclnrc ihu j^ic\ i()iis 
rcacliun Willi (nKih)a*.'r\l!C aiilixclncic, ihiis nniiHinLi ihe 
riirthd iiiirotliiclion dI' ( nici h);KTvlic dnuhlc l^niuls. Ilic linal 
li\|Xi Im aiK'lKil jiolvcsicr j-notiiicls with iL-rniinal tl(Uihlc 
IvMivK al kr nii>clil \ iiiL:, picpaicti in llic jiixsciH in\'cmii>n arc 
l.inl\ !t aijsjiarciil colinirlcss viscous licfiiids. As shown in 
I l< Is 4 anJ 5 ihc doul^lc hontis arc in cixi Liroujis. locatect 
.ii iIk sml.icc of ihc oiigonKric splicrc wliich is liigbly 
oural^k I'nr UV cufL-. 

IIk pithilispcrsiiy nicasurccl by CiPC analysis 6) 
varicJ Irnni 1 .-4 Id \^) al dilVcrcnl rcaclanl ralios and rcaclion 
icmpLiaUrrcs wilh molecular wciij.hls of maximuni 25(M» 
nblaineti. which co rrcspcwitls u> a moclilicd p«)lycsicr mol- 
ecule wilh four main branches. The wide molecular weiglu 
disiribulion is mainly auribuied lo inconijilete reaction 
bclween I . 2 n /c nc t ri ca rbo \ y 1 i c anhydride and 
pentaeryihrii(»L hyperhranchcd polyester iVagnienlai ion dur- 
ing hyperbranchcLl j->t)lyesier grcnvlh, and lo Ihe small excess 
ol glycitiyl (melh)acrylale monomer which read lurlher 
wilh by-protiucls in ihe system, responsive lo UV irradia- 
lion. 

The hyperhranclied ]K)lyesler according lo Ihe invenlion 
can be used as curable resins, i he resins are prelerably cured 
by UVor LB radiaiit>n and mosi preferably by UV radiation. 
'I'hc resins have lower viscosity than known oligomer resins 
and can be used without a comonomer or with lower 
amounts of comonomer than lor conventional oligomer 
resins. The UV curing ol lhe resin according to the invention 
is very rapid, dttwn to parts of a second at room lempcrature 
operation. This means a high speed of cure and low energi 
consumption. The obtained products have a high glass 
transition temperature, resulting in products of high 
hardness, for example coalings or laminates wilh high 
surface hardness. 

'Hie resins are solvent free and can be prepared from 
{i)i)7c of the hyperbranched polye.sler according lo Ihe 
invenlion. The resins can however, also comprise multifunc- 
tional montimers. A suitable amount of comonomer is 5-20 
wl % and the rest <S()-95 wl % being the hyberb ranched 
polyester. The resins preferably comprise a photofragmenl- 
ing initiator. Hie amount of pholofragmenlmg initiator used 
is in the range 1-5 wl Vr based on the resin. Cx^nvenlional 
pholofragmenting initiators can be used and a preferred 
initiator is benzoyl dimelhylkelol. As muUifunciional mono- 
mers compounds wilh reactive double bonds can be used, 
such as trimethylolpropane lri(meth)acrylale, hexandiol 
diacrylate, trimelhylolpropane Iriallylether, pcntaerythritol 
iri/tetra-allyleiher, Iriallylcyanurale, triniethylolprt)pane 
iriacrylelher, pentaerylhrilol lelraacrylelher. JVimethylolpro- 
pane triacrylate being a preferred embodiment. 

Tlie resin according to the invenlion can be used in many 
different fields of which could l">e mentioned coalings, 
adhcsives, laminates, foils and ihin films and fibre- 
reinforced composites. 

Tlie invention will now be illustrated wilh the following 
examples which however, are not intended to restrict the 
invenlion. wilh parts and percent are meant parts per weight 
and weight-^?, if nothing else is mentioned. 

The following chemicals are used: 
Penlaeryihriiol [PETl.] 

1,2,4-Hen/cnciricarboxylic Anhydride [H TC^A] 
CUycidyl Acrylaic [(\A] 
Melhacrylic Anhydride [N4AA] 
Ace lie Anhydride [AA] 
Stannous Chloride [SC] 
Hen/.yldimelhylamine [BDMA] 
Ilydroquinone [HQ] 
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DiiiKtliN 1 1 ornianiuiu [HMI ] 

I rinicUn lolpropaiK Triacrylate ( TMP 

Hen/oyldiiiieihylkeiol (HDK) 

LXAMPLL 1 

')2.2 g (0.4N niol) H rC'A is di.ssojvcd m lOO nil 1)M1- at 
MI.U g (O.ON niol) PL 11. and 0.1 g (0.1 wl ^ ) SC are 
added, and the s< )lul ion is kepi al SO*^ ( \ lor N hours, and then 
healed lo 100'' ( ". for 10 hours under N.. Mo.sl of DMl is 

III tlistilletl off in vacuum and toluene is jxuired into the producl 
to dissolve the residual H TC'A. The product is wa.shetl wilh 
toluene until no H TCA is delected in IR spectra (1760 and 
1S50 cm"^ ft>r anhydride groups). 57.2 g polyolesier is 
obtained, as a while powder, wilh the yield of about 79'/r 

15 after completely removing Ihe solvents, fhe acid number of 
475 mg KOH/g polyester is determined by liiralion wilh 
O.IN KOIl. 65^09 g'(0.5(KS mol wilh a 5% exce.s.s) CiA is 
added sU>wly drop by drop al 70° C \ together wilh 5 g(2.5'A') 
BDMA as catalyst and 1(K)0 j-)pm 1 10 as iniiibilor, di.ssojvcd 

20 in 70 ml DMl". Afler 7 hours at 70° C. nt> carboxyl groups 
can be delected by liiralion. DMl' is distilled oil" in vacuum. 
The producl is a viscous liquid wilh [iiaximum N acrylate and 
iS hydroxyl groups per molecule. This producl is called 
D-lbll. 

2.^ 12.4 g(0. 121 mol) AAis added lo 40.S g D- lOl I in 50 ml 
DMP' which reacts wilh about 6 hydroxyl groups per mol- 
ecule (averaged about 2 Oil groups per molecule remain). 
The product s(.)lulion is then healed for 2 hours at 70° C. and 
DMh isdi.siilled olV in vacuum. The obtained product, called 

30 D-J, is a viscous liquid wilh about 8 acrylate groups and 2 
hydroxyl groups per molecule. 

EXAMPLE 2 

g D-IOII is dis.solved in 50 ml IDMF wilh 500 ppm 
35 HQ and 12.4 g (0.08 mol) MAA and 4.1 g (0.04 mol) AA are 
added slowly, drop by drop a I 70° C. for two hours to read 
wilh Ihe hydroxyl groups. DMV is removed by vacuum 
dislillalion. The product, called D-2, is a viscous liquid wilh 
about 12 (meth)acrylale groups and 2 hydroxyl groups per 
40 molecule. 

EXAMPLE 3 

40.8 g l)-K)H is dissolved in 50 ml DMF wilh 500 ppm 
HQ as Inhibitor 24.8 g MAA (O.J 61 mol) is added and 

45 healed lo 70° C. Alter 2 hours the reaction is complete. DMF 
is removed by vacuum distillation. The producl, called D-3, 
is a viscous liquid wilh aboul 8 acrylate and 8 methacrylale 
groups per molecule. 

The dynamic viscosity for the products from Examples 1 

50 to 3 was measured as a functitm of frequency for the 
hyperbranched polyesters wilh dilTerenl numbers of double 
bond.s, as shown in FIG. 7. The hyperbranched polyester 
D-lOII, according lo Example 1, wilh about 8 double bonds 
and without acelic anhydride modihcalion, has the highest 

55 visco.sity due lo the many hydroxyl groups in the system, 
resulting in in le rmol ecul ar hydrogen bonding 
(hyperbranched polyester aggregation). Al decreasing 
hydroxy functionality, the dynamic viscosities of the hyper- 
branched pt)lyester largely decrease in order of D-l, D-2 and 

(,() D-3, according lo Examples 1 to 3, al lov^'er frequency. D-3 
has the lowest viscosity compared with D-l and D-2 because 
of the high numl")er of double bonds (no remaining hydroxyl 
groups) at the surface of the spherical molecule. Hiis results 
in increasing symmetry of the hyperbranched molecule, 

(,5 apart from less inlluence trom the hydrogen bonding. 

Lcnv viscosity is particularly imjxirlanl in controlling the 
levelling time of a coaling and for evaluation of the pro- 
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cvssahiliiy ol ii radiaiioii curable cualini: viiul aclhcsiw. This 
is especially iIk case for KKKV sitliti coaling sv.sienis loi thin 
lilnis. J'he oligomer is tlie principal conslitiienl and priniarilv 
rcsjx>nsible lor ihe basic jtroperlies oi' ihe coaling. The 
viscosiiy t)!" the oligtuiier is, iherelt)re, an imporiani jxiram- 5 
eler since il tielerniines the amounl ol oligomer reciuired in 
ihe linal product. I orconux>l cti ihe visct)sily ol ihe raJialion 
curable resin there are only two parameters, namely the 
viscosity of ilie oligt>mer and the amounl oi' conit>nt)mer 
added. lo 

The principal rheoloi^ical dinVrcncc hclwccn Ihc 
branched and ihe linear polyester molecules lies in ihe 
smaller spiilial exlension ofihc branched molecule at a given 
molecular mass. The viscosiiy oi' ihe resin is relalcd lo ihc 
dynamic extension in space and Ihe segnicnl densily wilhin ^ ^ 
Ihe volume of Ihe molecule. Therefore, ihe sphere-like 
siarbursi (mcih)acrylated polycsler according lo Ihe inven- 
lion has lower visct)sily lhan the linear polyester. 

Mow lime measurements are another evaluation of the 
relative viscosity of various coalings and adhesives, using a "'^ 
viscosimelric cujt. Tile \'iscosilies of the hyperbranched 
(mcth)acrylated polyesters containing 15 wt 7o trimelhylol- 
propane triacrylaie (TMP TA), as comonomer and a conven- 
tional epoxy acrylale modilied unsaturated polyester (MUP) 
containing 35 wt 9^ TMFi A at 21^ C. are compared in MG. 
8. It can be seen that the How times through the viscosimelric 
cup lor hyperbranched polyester resins are much shorter 
than for MUP resin. This means thai the viscosity of MUP 
is much higher than that of hyperbranched polycsler, A 
practical consequence is that the processabilily of hyper- "^'^ 
branched polyester containing resins is improved due lo 
lower viscosiiy. 

EXAMPLE 4 

3 parts of BDK were dissolved in 100 pans of a mixture 
of 15% by weight of TMPTA and 85% by weight of D-1, 
D-2 or D-3, the resultant resins were coated on a polyeth- 
ylene terephlalale (PET) sheet. The test samples were cured 
in air on a conveyer beh with variable speed by UV 40 
irradiation for 0,15 seconds under a 300 W/in (120 W/cm) 
Model F3(K) D bulb (Fusion UV Curing Systems) in the 
exposure chamlxtr. 

EXAMPLE 5 45 

The procedure of Example 4 was repeated except that 100 
parts of D-1, D-2 or 13-3 polyeslers are used instead of the 
mixture of the }X)lyesiers and TMPTA. 

The irradiation lime is varied by changing the speed of the 
conveyor bell. The polymeriziilion rale of the hyperbranched 
polyester resins was determined by measuring the irradiation 
lime required to obtain fully lack-free stale for the cured film 
using a cotton bar. The data are given in FIG. 9. The resin 
with oligomer D-3 needs the shortest curing time lo gel 
lack-free slate. 

The glass transition temperatures of the crosslinkcd 
(nieth)acrylated hyperbranched polyesters D-1, D-2 and D-3 
according to Example 5 iVom Dynamic Mechanical lliermal 
Analysis (DMTA) measuremenls are given in FKi. 10. It can 
be .seen that the gla.ss iran.sition temperature increases rap- 
idly wilh increasing functionality of ihe cured hyper- 
branched oligomer. 

The physical properties of the cured material are related 
lo the structure of the crosslinked network. The gla.ss Iran- (v> 
silion temperature, 1.., is a function of the flexibility c)f the 
polymeric chains. If the tlexibility decreases, the transition 



temperature increases. I'lexibilily is a function of chain 
structure, crosslinked structure and crosslink density, for the 
h> perbranched polyesters the spherical shape of the mol- 
ecules and the high crosslink densily due to its higli func- 
lionalily decrea.ses the llexibilily of the cured films. 
Therefore, crt)sslinked hyperbranched polyester give higher 
gla.ss transition temperature lhan crosslinked linear c»Iig(.- 
mers as an ell eel of the structural dilfereiice. 

rhe Fiieasurements made in the preseiil invention were 
pe r lb r m e d a ceo rd i n g I y : 
Molecular Weight Di.siribulion 

Mea.su re men Is (^i' nK)lecular weight distribution were {Per- 
formed on a WATERS 410 GPC system equipped with a 
WISP 712 auUunated injector. I'he columns used were 
//-Styragel of pore sized: 500, 10\ 10', 10\ and iOO Ang.sir 
om wilh jK>lysiyrene standards lV)r calibratit>n and lelrahy- 
drofuran ( TIIF) as solvent. 
Dynamic Mechanical S]")eciro.sc"oj\v 

The dynamic mechanical j^rojierties ol" the hyj")erbranched 
polyeslers were measured by shear rhet)mclry (Dynamic 
Analyser RDAIl). Viscous liquid samples were examined at 
25° C. using two parallel plates of 1 2.5 mm radius wilh 0.62 
to 0.76 /mi gap over a wide range of frequencies. 
I'^low Time 

Mow lime of the resins with multifunctional monomer 
added was measured using a vi.scometric cup of number 68 
for comparison of the viscosity of Ihe hyperbranched poly- 
esters wilh that of modifjed linear unsaturated polyester. 
IR spectra 

Infra-red spectra of the polyesters at diflerenl reaction 
stages were recorded on a Perkin-EImer Model 1710 Fourier 
Transform Spectrometer prepared as pressed KHr solid disk 
or smeared as an acelone solution of the resin on a NaCI 
ptism It) form a thin film. 
Th er mc^m ec h a n ic a 1 anal ysis 

Dynamic Mechanical Thermal Analyser (DMTA, Poly- 
mer l,aboralories MK II) was used lo mea.sure glass transi- 
tion temperature (T^,) at the range of 40° to 250° C. and 1 Hz 
frequency of completely UV cured films without TMP7A 
added. 

We claim: 

1. Hyperbranched ]X')lyester of a polyol with 3 to 10 
reactive hydroxyl groups, and an aromatic polycarboxylic 
anhydride with 2 lo 4 carboxyl groups, 

each hydroxyl group of the polyol forming an ester 
Hnkage wilh one anhydride group of the polycarboxylic 
anhydride, 

and further glycidyl (melh)acrylale or allyl glycidyl elher 
forming ester linkages wilh the remaining carboxyl 
groups of the anhydride and free hydroxyl groups. 

2. Hyperbranched polyester of a polyol wilh 3 lo 10 
reactive hydroxyl groups and an aromatic polycarboxylic 
anhydride wilh 2 to 4 carboxyl groups, 

each hydroxyl group of the polyol forming an ester 
linkage with one anhydride group of the polycarboxylic 
anhydride, 

and glycidyl (meih)acrylate or allyl glycidyl ether form- 
ing esier linkages wilh the remaining carboxyl groups 
of the anhydride and free hydroxyl groups, 

and further an anhydride selected from the group consist- 
ing of a (melh)acrylic anhydride, an aliphatic carboxy- 
lic anhydride, and blends thereof, forming ester link- 
ages wilh the free hydroxyl grcmps. 

3. Hyperbranched polyester produced by a process com- 
]')rising the following steps: 

a) reacting an aromatic polycarboxylic anhydride wilh 2 
\o 4 carboxyl groups wilh a polyol wilh 3 lo 10 reactive 
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h\cli(»\\l eroujvs in ilic j^icscncc ol' an ;icli\'a(inLL aij,eni, 
tlic amminl ol' anInciriLic hciiig al Icasl one mole ol' 
aiilnciritlc jkt Intlrnxyl in ihc pol\ol, 

h) icaclint: llic piotiucl iVtMn a) with iii\cici\i (niclh) 
acrvhilc kh ally! gKciclNl cIIki in an amount al Icasi 
correspond iiiLi lo ohl molu of izlycidyl (nKlh)acrylalL- 
or allyl l:1> ^ iciyl uilicr per free carhoxylic acid groiiji of 
liic prociiicl of a ). 

4. The hyperbranchcci iM)!ycsicr acct>rclinii to claim 3, 
wherein tlic activating agent is present in a catalytic amount. 

5. The hypcrbranched polyester acen»rding lo claim 3, 
wherein the activating agent is SnCU. 

6. The hyperbranched polyester of claim 3, the process 
liirlher e\)mprising c) reacting the product rrt)m step b) with 
(nielh)acrylic anhydride in an amount sullicienl \o estcrily at 
least a part oi the Iree hydroxyl groups ol" the product iVcim 
step 1^). 

7. The liyjicrbranched polyester ol' claim 3, the jirocess 
further comji rising c) reacting the product from ste]> 1^) with 
an aliphatic carboxylic anhydride in an amount sullicient to 
esteril'y at least a part ol" the remaining hydroxy 1 groujis of 
the product. 

8. The hyperbranched j^olyester of claim 1 wherein the 
reactive hydroxy] gr(.)Ups ol" the jiolyt)l have ec|uivalent 
reactivity and the aromatic polycari^oxylic anhydride has 
three carboxyl gr()Uj:)s. 

9. The hyperbranched polyester of claim 2 wherein the 
reactive hydroxyl groups ol" the polyol have equivalent 
reactivity and the aromatic polycarboxylic anhydride has 
three carboxyl groups. 

10. The hyperbranched polyester ol" claim 3 wherein Ihc 
reactive hydroxyl groups ol the j)olyol have equivalent 
reactivity and the aromatic j-x^lycarboxylic anhydride has 
three carboxyl groups. 

11. The hyperbranched polyester of claim 6, the process 
further comprising reacting the product from step c) with an 
aliphatic carboxylic anhydride in an amount sulllcienl to 
esterify at least a part of the remaining hydroxyl groups of 
the product. 

12. The process of claim 11, wherein the aromatic poly- 
carboxylic anhydride has three carboxyl groups and the 
reactive hydroxyl groups of the polyol have equivalent 
reactivity. 

13. The ]iroccss accordmg lo e4aim 12, further comprising 
the following step: 

c) reacting the product from step b) with (meth)acrylic 
anhydride in an amount sufliciently to esterify at least 
a pari of the free hydroxyl groups of the product from 
step b). 

14. The hyperbranched polyester according to any one of 
claims 2, 6, 7, 9, or II, wherein the (meth)acrylic anhydride 
is (meth)acrylic anhydride and the aliphatic carboxylic 
anhydride forming csler linkages with the free hydroxyl 
groups in acetic anhydride. 

15. The hyperbranched polyester according to any one of 
claims 1 to 7, wherein the polyol is pentaerythritol and the 
aromatic polycarboxylic anhydride is 1,2,4- 
ben/enelricarboxylic anhydride and the glycidyl (meih) 
aery late is glycidyl aery late. 

16. The hyperbranched polvesier accc^rding lo ans' one of 
claims 1, 2', 3, 4, 5, 6, 7, 8, 9, 10 or 11, wherein the 
hyperbranched jiolyesler is a dendritic polyester or a 
crosslinked dendritic ptilyesler. 

17. A process for ihe prc^luclion of a hyperbranched 
]")(Wyester, said process comjirising the slejis of: 

a) reading an aromatic ptilycarboxylic anhydride with 2 
to 4 carboxyl groups with a ]x>lyol with 3 to 10 reactive 



U) 

h\Llni\yl gioups in the piesence ol an activaling agenu 
the amount of anhsdride being al leasl one mole of 
anInilriLie per hydroxy! group in the j^tiKoL 

b) reacting the jiroducl from a) wiih glycid\l (melh) 
5 acr\ late or ally! glycidx l el her in an amount al least 

corresponding to one mole i»f glycitlyl ( met h)acry late 
or allyl gh cidyl ether per free carboxylic acid group of 
the product of a). 
IN. The process accttrding to claim 17, wherein the 
iM activating agent is present in a catalytic amount. 

19. The jirocess acexirding lo claim 17, wherein the 
aclivaling agent is SnCK. 

20. The ]in.>cess acex>Rling lo claim 17, wherein the 
reacliitn mixture of step a) is healed to a temperature bektw 

15 HKl" C. 

21. file jiroce.ss according to claitn 17, wherein the 
amount of anhydride in stej) a) is at leasl 1.2 moles per 
liydroxyl grouji and the amount of glycidyl (meth)acrylate or 
allyl glycidyl ether in step b) is at leasl 1.05 moles per free 

2(1 carboxylic acid group. 

22. The process according to claim 17, wherein tlie 
reaction of steji b) is carried out in the presence of a basic 
catalyst and an inhibitor for radical polymerization. 

23. The i^rocess accor<.iing to claim 22, wherein Ihe basic 
:.s catalyst is ben/yldimelhyldianiine. 

24. rhe process according lo claim 17, further comjirising 
the foUowing sle]i: 

c) reacting the product from step b) with (melh)acrylic 
anhydride in an amount sutlicienl to esterify al leasl a 

3u part of the free hydr(.>xyl groups of the prcKluct from 

.step b). 

25. The prt)cess accortling to claim 24, wherein the 
anhydride is nielhacrylic anhydride. 

"26. The process acct)rding to any one of claims 17, 24, 12, 
35 or 13, further comprising reacting Ihe product from step b) 
or c) with an aliphatic carboxylic anhydride in an amount 
sulllcienl lo esterify at least a pari of the remaining hydroxyl 
groups of the product. 

27. The proce.ss according to claim 26, wherein the 
40 aliphatic carboxylic anhydride is acetic anhydride. 

28. The Jirocess according to any one of claims 17 to 25, 
wherein the polyol is pentaerythritol and the aromatic poly- 
carboxylic anhydride is 1,2,4-benzene-tricarboxylic anhy- 
dride and the glycidyl (melh)acrylate is glycidyl acryiate. 

45 29. The process according lo any one of claims 17 to 25, 
wherein the hyperbranched polyester is a dendritic polyester 
or a crosslinked dendritic polyester, 

30. I he curable resin comprising the hyperbranched poly- 
ester of any one of claims 1 to 7. 

50 31. The curable resin according to claim 30, further 
comprising a pholofragmenting initiator. 

32. The curable resin according lo claim 31, further 
comprising a muliifuncuonal monomer. 

33. The curable resin according to claim 32 wherein the 
55 multifunctional monomer is Irimcthylolpropane iriacrylale. 

34. The curable resin according to claim 30 wherein the 
resin is curable with UV irradiation. 

35. The process according lo claim 12, wherein the 
activating agent is pre.sent in a catalytic amount. 

ui) 36. Ihe proce.ss according to claim 12, wherein the 
acii\'aling agent is SnCl^. 

37. The })rocess according lo claim 12, wherein the 
reaction mixture of step a) is heated lo a temperature below 
100° C\ 

<i5 38. Vhv process according to claim 12, wherein the 
amount of anhydride in step a) is al least 1.2 moles per 
hydroxyl group and the amt>uni of glycidyl (meth)acrylale or 
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iil\ciJ\ l ether in sKji b) is al Icasi 1.05 m<jlcs per iree 
carltiiwiie acid grouj'). 

M). TIk process aeeortlinLi l*i claim 12. where in ihe 
leaclhHi ni slej^ h) is carried nul in llle presence (»1 a hasic 
calaKsi an inhibitor for radical polymcri/.alitMi. 

40 l iie process accorclini: lo claim 39, wherein the hasic 
caialx^i i-^ lieii/.\ kitnielhvklianiine. 
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41. I he process accordinii lo claim 13, wherein the anhy- 
dride is melhacr\'lic anhydride. 

42. A coahni!,, adiKsi\'e, laniinale, foil, ihin lilm. or 
liher-reinforced composile comprising a cured prodiicl ol' 
ihe curahle resin oJ' claim 30. 
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